The Antillean manatee, Trichechus manatus manatus, is among the most threatened mammals in Honduras, yet the last published study is from 1980. Since then, the North Coast of Honduras has experienced rapid population growth and land cover change possibly causing habitat loss for manatees. We conducted aerial, boat, and interview surveys between 2005-2007 along the northern and remote eastern coasts of Honduras to assess the current status and distribution of manatees. In addition, we compiled all available data on manatee mortality from museum specimens, unpublished reports, and interviews to determine current threats. We averaged 1.2 manatee sightings per survey hour during six flights along the North Coast in March-April 2006 during 14.4 aerial survey hours. Sightings were mainly clustered in Cuero y Salado Wildlife Refuge (CSWR) and Rios Chapagua and Aguan, which we indentify as important conservation areas. Our total and average sightings per survey hour in CSWR were much lower than those reported in 1979-80, in spite of the area being protected since 1987. Our interviews indicate that manatees are still present on the eastern coast (La Mosquitia), however we observed none during 14.5 survey hours in June 2005 and April 2007. The major cause of known mortality from 1970-2007, based on 26 records, was due to entanglement in fishnets. Despite local and federal protection, manatees are still poached and opportunistically caught in fishnets. While some efforts have been made by local NGOs to raise public awareness for manatees, a national conservation program is highly recommended to centralize and coordinate efforts.
Introduction
Manatees are herbivorous aquatic mammals that belong to the Order Sirenia. Due to the historical exploitation, current habitat loss and degradation, and their slow recruitment, all manatee species (Trichechus spp.) are categorized as Vulnerable on the IUCN Red List (IUCN, 2010) . In addition, both subspecies of the West Indian manatee, Trichechus manatus, are further categorized as Endangered (Deutsch, 2008; SelfSullivan and Mignucci-Giannoni, 2008) .
The Antillean subspecies, T. m. manatus, occurs in a fragmented distribution from southeastern Texas to northeastern Brazil, including the Greater Antilles (Lefebvre et al., 2001; Reynolds and Powell, 2002) . In spite of their large geographic distribution, most studies of the Antillean manatee have concentrated in a few select areas including the Caribbean coast of Mexico and Belize, Puerto Rico, and Brazil (Mignucci-Giannoni and Beck, 1998; Lefebvre et al., 2000; Morales-Vela et al., 2000; Morales-Vela et al., 2003; Self-Sullivan et al., 2003; Olivera-Gómez and Mellink, 2005; Bacchus et al., 2009; Alves-Stanley et. al., 2010; Hunter et al., 2010) . Much less is known about populations living in the rest of Central and South America.
In Honduras, historical manatee abundance and distribution are unknown (Klein, 1979; Lefebvre et al., 2001) , however archaeological evidence suggests that manatee meat provided a substantial portion of the pre-historic diet of Mayans on the Bay Islands (Strong, 1935) and on the mainland of Honduras (Figure 1 ; McKillop, 1985) . These early accounts suggest that manatees were abundant and had a wide distribution in Honduras, however sightings from aerial surveys in 1979-80 of the entire Caribbean coast of Honduras resulted in only two main locations: the rivers and coastal area between Rio Lean and Rio Salado, and Laguna Tansin ( Figure  1 ; Rathbun et. al., 1983) , of which the former was designated as a protected area for manatees in 1987. No subsequent studies have been conducted since that time, while the North Coast has experienced substantial human population growth and land cover change and is thus the area of Honduras that is the most vulnerable to manatee habitat loss (Pineda Portillo, 1997) .
The objectives of our study were to conduct aerial, boat, and interview surveys to assess and update the current status and distribution of manatees in Honduras, identify ongoing threats, and evaluate the effectiveness of conserving manatees of the protected area on the North Coast by providing a roughly 25-year contrast since the last available data.
Study area
Our study area consisted of the major rivers, lakes and immediate coastal area of the Caribbean coast of Honduras (Figure 1) , which is ca. 700km long. The Caribbean coast can be divided into two major sections that differ greatly in geology, topography and human impact. In this study we refer to the area between Rio Motagua (on the border with (Figure 1 ). Five major river basins on the North Coast empty into the Caribbean: 1) Rio Motagua, 2) Rios Ulua and Chalamecon, 3) Rios San Juan, Cuero and Salado which make up the protected area Cuero y Salado Wildlife Refuge (CSWR), 4) Rio Cangrejal, and 5) Rios Aguan and Chapagua. The area between these rivers contains two mountain ranges that reach the shore with peaks as high as 4000m. This area of Honduras has four major cities and has a relatively high human population density. In contrast, the expansive lake and wetland system of the eastern coast, known as La Mosquitia, contains no mountain ranges, only one large city and a very low human population density. The major rivers in La Mosquitia are: 1) Rio Sico Tinto, 2) Rio Platano, 3) Rio Patuca, 4) Rio Kruta, and 6) Rio Coco. The major lakes in La Mosquitia are: 1) Laguna Brus, 2) Laguna Ibans, and 3) Laguna Caratasca, the latter comprising at least 20 smaller lakes (Figure 1 ).
Methods

Interviews
We interviewed a total of 53 local community members in seven locations (San Pedro Sula, Tela, Rio Salado, La Ceiba, Utila, Roatan, and Trujillo; Figure 2A Secondary data We gathered information on manatee mortality and historical distribution from previous published studies, unpublished reports, and museum specimens from the Archaeological Museum of San Pedro Sula and the Museum of Natural History of the National Autonomous University of Honduras (UNAH) in Tegucigalpa.
Field Surveys We conducted 6 aerial surveys along the North Coast between Rio Aguan and Rio Tinto in 2006 ( Figure 2A ). The first three did not include Rio Aguan, as we mistakenly identified Rio Chapagua as Rio Aguan during these surveys. Rio Tinto was selected as the western limit 
(1)
North Coast because a contemporary study of manatee distribution in the Gulf of Honduras (southern Belize to western Honduras) included the area from the border of Guatemala to Rio Tinto 1 . We conducted three aerial surveys in La Mosquitia in 2007 including most of the major lakes and rivers ( Figure  2B ). Due to budget and time constraints we selected lakes and rivers with the highest chance of seeing manatees based on previous interviews and unpublished reports. Because of the immense size and lack of submerged and floating vegetation due to marine water influence we did not include Laguna Caratasca. In addition, despite extensive aerial surveys of this lake in 1995, no manatee sightings were recorded (G. Cruz unpublished data). We also did not survey the lakes and rivers east of Puerto Lempira due to security concerns with the border of Nicaragua.
We conducted all aerial surveys during the dry season, March and early April, because water conditions were clearer and most favourable for viewing manatees, and a more valid comparison could be made with previous surveys (Rathbun et al., 1983) . Flights were conducted in a Cessna 206 at an altitude of 200-250m and an airspeed of 130-150km/hr (cf Ackerman 1995, Lefebvre et al., 1995) , between 0800-1400h along the North Coast and between 0900-1400h in La Mosquitia. Surveys on the North Coast were flown parallel to the coast from east to west, 500m from the shore, because manatees preferentially use near shore coastal areas, estuaries, rivers and lakes (Reynolds and Odell, 1991; Olivera-Gómez and Mellink, 2002) . River mouths, lakes and lagoons were covered more intensely than the coastal area and we also intensively circled sites where manatees were sighted to determine numbers (variable effort recount; Lefebvre and Kochman, 1991) . Flight paths were recorded with an onboard GPS. Wind direction, wind speed, sea state (Beaufort scale), and cloud cover were recorded on data sheets at the start of each survey, as all of these can influence visibility during surveys. Although aerial surveys provide the best means of obtaining manatee distribution and relative abundance over large areas (Ackerman, 1995; Lefebvre et al., 1995) , there are several inherent biases (Marsh and Sinclair, 1989; Lefebvre et al., 1995) , including visibility bias and perception bias. Independent observers can reduce perception bias, but because the rate of manatee encounters was low, the observers in our surveys were not independent and were in constant communication during the flights. We repeated the survey path on the North Coast six times in an effort to reduce the effect of visibility bias (both perception and availability bias) and absence bias.
Three observers were located on the right side of the aircraft with the door removed for better visibility during all surveys; the observer in front helped navigate and recorded data while the other two only observed. During the surveys the plane flew at a 45-degree angle favouring the side of the observers so that a greater area of observation could be seen. In the coastal marine areas (offshore), observers could see from the shore out to 500m. In the rivers and lakes (inland) the plane flew to one side of the body of water at a 45-degree angle so that the observers could see the entire body of water from the waters edge. In the case of large lakes, the shore was outlined followed by various transverse passes as was necessary to cover the area (see Morales-Vela et al., 2003) . Water visibility was variable, but coastal marine waters were generally more transparent than the turbid and tannin-stained rivers and lakes. The same set of three observers participated in all six surveys along the North Coast and a different set of observers participated in all three surveys of La Mosquitia. Manatee sightings, boats, and the presence of gillnets were recorded on data sheets and maps. Boat surveys were conducted in July 2005 of Laguna de Brus, Laguna de Ibans, and Rio Platano in La Mosquitia between 0800-1200h. Two experienced observers were used during boat surveys. Boat surveys were conducted in a dugout canoe equipped with a 25hp outboard motor at a slow velocity (2-5km/h).
Results
Compiled secondary data and our interviews documented the presence of manatees in most major rivers, lakes and lagoons along the coast of Honduras, with the exception of Laguna de los Micos and Laguna Guaimoreto (Figure 1 ). We compiled 26 mortality records (Table 1) ; most (n = 19) were from the North Coast during 1970-99 (Figure 1 ). Deaths since 1999 were clustered in Rio Cuero and Rio Salado (n = 3) on the North Coast, and in Lagunas de Brus and Laguna de Ibans (n = 3) in La Mosquitia (Figure 1 ). Most deaths (n = 13) were due to entanglement and subsequent drowning in fishnets.
North Coast Six aerial surveys covering the same flight path were conducted on 29-31 March and 2-4 April, 2006 (Table 2) . Cloud cover during the surveys varied from 0% to 100% and averaged 50%. Sea state on the Beaufort scale was 1, except for 29 March, when it was 3. Flying conditions were favorable and followed the pattern of calm or no wind during the morning and light winds up to 15km/h in the early afternoon.
We totalled 14h 23min of aerial survey time during the six surveys between Rio Aguan to Rio Tinto in which we recorded a total of 18 manatee sightings ( Table 2 ). The average (± SD) survey duration was 143 ± 0.13 min and we averaged 1.2 ± 0.2 manatee sightings per survey hour (Table  2) . Manatee sightings clustered around 1) Rio Salado, Rio Cuero, and Rio San Juan (11 of 18), and 2) Rio Chapagua, and Rio Aguan (5 of 18). Two animals were sighted in Laguna Guaimoreto (Figure 2A) . No manatees were seen west of Rio San Juan. We recorded a total of 11 manatee sightings (all adults) between the towns of El Porvenir and Zambuco (Figure 2A ) during the six surveys, and all were within rivers and costal lakes. We surveyed this area a total of 3h 17min, averaging 32.8 ± 5.7 min per survey, which was very similar to the six surveys in 1979-80 of the same area (Table 3) . We averaged 3.3 ± 0.4 (± SE) manatee sightings per survey hour for this region, which was much lower than the average (13.3 ± 2.4) sighted in 1979-80 (Table 3) .
La Mosquitia We totalled 3h 37min of aerial survey time during three surveys averaging 72 ± 42.8min per survey on 1-2 and 4 April 2007. Despite excellent survey conditions and very good water visibility we did not sight any manatees during these surveys. In addition, we totalled 11h of boat survey time on 16-17 and 19 July 2005 of Laguna Ibans, Laguna de Brus, and Rio Platano. No manatees were observed during boat surveys.
Discussion
The overall distribution of manatee sightings on the North Coast of Honduras did not greatly differ from the distribution documented in 1979-80. Most (11 of 18) of our sightings occurred within the protected area CSWR, where other recent sightings have been reported by boat surveys using sonar (Gonzalez-Socoloske et al., 2009) . In addition, a substantial number of sightings were clustered in both Rio Aguan and Rio Chapagua (5 of 18), which represent the second-most important area for the remaining manatees of the North Coast of Honduras. The distribution of our sightings along the North Coast varied greatly between surveys, even though the total number of manatee sightings per survey remained relatively constant (Table 2) , supporting the conclusion that repeated surveys are necessary to determine distribution (Olivera-Gómez and Mellink, 2002). The effect of visibility bias may be magnified when surveying Figure 1 of the nearest major river. c MS, Museum specimen, either in The Archeological Museum, San Pedro Sula; or The Museum of Natural History of the National Autonomous University of Honduras, Tegucigalpa; PS, Previous study, Rathbun et al., 1983 or Klein, 1979 ; CS, Current study, from our interviews and unpublished reports.
locations of low manatee densities, as the likelihood of seeing an animal is greater when they are in a group. This may explain why Rathbun et al. (1983) had no manatee sightings in Rio Aguan and Rio Chapagua during their single survey of the area in 1979. We observed two manatees during one of the surveys of Laguna Guaimoreto. This represents the first report of manatees in this lake. The pair may have been travelling, because they were only sighted on one of the six surveys.
Even with the most liberal estimates, the population of manatees on the North Coast is very low. Our surveys averaged 1.2 manatees per survey hour for the northern coast and 3.3 manatees per survey hour between El Porvenir and Zambuco, while a contemporary study of the Gulf of Honduras (Monkey River, Belize to Tela, Honduras) found 13.3 manatees per survey hour for all of Guatemala and 80.2 manatees per survey hour for southern Belize during a single survey 1 . Surveys covering all of Belize and Chetumal Bay, in southern Mexico averaged between 14.3-23.3 manatees per survey hour (Morales-Vela et al., 2003) . Nicaragua also appears to have a larger manatee population where 40 were estimated to be killed annually (Jiménez, 2002) and an average of 3.9 manatees per survey hour were sighted during aerial surveys in 1994 2 . Our aerial surveys of the protected area CSWR (approximately the area between the coastal towns of El Provenir and Zambuco) were comparable to the surveys in 1979-80 (see Table 3 ). Our survey altitude was slightly higher than in the previous study due to new safety regulations. While this might slightly bias against us, our number of observers (always three) and slightly longer average survey duration (32.8 ± 5.7min versus 30.1min) provided an increased probability of sighting manatees.
All of our manatee sightings between El Porvenir and Zambuco were of adults and were located inland within the rivers and lakes, whereas calves (17%) and animals offshore in coastal marine waters (30%) were relatively common during the 1979-80 surveys (Table 3 ). This does not mean calves are not present, as single calves were found dead in early January 2005 and August of 2007 in Rio Salado (Table 1) , but rather that they are more difficult to see especially in conditions of very low water visibility. The absence of sightings in marine areas during the 2006 surveys is puzzling, but may simply reflect low densities of animals and thus a lesser likelihood of spotting an animal travelling coastally from river to river.
Rio Cuero, Rio Salado and Rio San Juan were designated as a protected area (CSWR) in 1987 specifically to protect manatees. Manatees in Florida have been reported to preferentially use protected areas, thus resulting in total counts slowly increasing from year to year (Provancha and Provancha, 1988) . Based on this observation, we expected to locate more manatees within CSWR during our surveys compared to those conducted in 1979-80, when the area was not protected. However, in spite of protection, primarily of the habitat, manatee sightings have decreased -probably because manatee deaths have been continually reported from this region (Figure 1 ; Table 1 ).
The North Coast of Honduras had the most mortality records (Table 1) , which may result from a bias due to the higher likelihood of manatee deaths being reported in this region. In addition, the extent of the geographic distribution of reported manatee mortality records on the North Coast seems to have decreased. Although the majority of the manatee mortality records concur with the survey sightings in Rio Cuero, Rio Salado and Rio San Juan, there have been no recent manatee sightings in Rio Cangrejal or Rio Lean (Rathbun et al. 1983 ; Figure 1 ). Even though we did not conduct aerial surveys of the region between Rio Motagua (on the border with Guatemala) and Rio Tinto (west of Tela), manatees occur there based on our interviews, mortality records (Table 1) , and aerial survey sightings by other studies in 2000 3 and 2005 1 . However, those eight sightings were all in the coastal marine habitat, suggesting that the manatees were likely travelling between rivers and lakes.
Manatees formerly occurred in the Bay Islands (Strong, 1935) , but they have not been reported there since the 1970s (Davidson, 1974; Rathbun et al., 1983) , which is consistent with our findings from interviews.
Most of La Mosquitia is designated as a protected area, but our interviews indicate that manatees are still opportunistically hunted for local consumption; proper enforcement is difficult due to the large area. Due to its low human population density and extensive untouched habitat, this area is expected to have the greatest number of manatees within Honduras. Despite this, we observed no manatees during our 14.5h of boat and aerial surveys, in contrast to 71 manatees sighted during 18h of aerial surveys along the neighbouring Miskito Coast of Nicaragua 2 . To our knowledge, no manatee mortality has resulted from boat collisions and no manatees have been reported with propeller scars in Honduras. The most recorded deaths (50% mortality cases; Table 1 ) resulted from entanglements and drowning in fishnets. Fishermen interviewed on the North Coast and in La Mosquitia indicate that manatees are still occasionally killed by fishnets, such as a single adult in both Rio Salado and Laguna de Brus in 2000 (Table 1 ). The use of fishnets is still widespread in Honduras and may be the biggest threat on the North Coast, while in La Mosquitia manatees are still actively hunted opportunistically. In the protected area CSWR the use of fishnets is prohibited and punishable by a hefty fine and confiscation of the nets, which has greatly reduced their use. However several young manatees have been found dead in the past few years such as a young, 150cm-long calf found dead in Rio Salado in 2005; local people indicated that it died by entanglement in fishing gear. However, no external marks were found on the animal and there were no fishnets found nearby when it was discovered. We recovered the bones of this animal in 2007 and prepared the skeleton for display in the visitor center of CSWR. Based on the extreme dental wear of this animal, we speculate that it was orphaned and starved to death. In Florida, young manatees prematurely separated from their mothers reportedly wear down their teeth by consuming large quantities of sand and dirt (G. Bossart, per. comm, September 2006) . Based on our results we recommend that due to the high mortality of manatees by fishnets, existing laws prohibiting the use of fishnets in protected areas (such as CSWR) continue to be strongly enforced. In addition, the practice of extending fishnets across the whole river mouth should be prohibited along the entire coast. However, because of the delicate nature of such laws and the difficulty of enforcing them over large geographic areas, we suggest that a local conservation effort should accompany the fishnet restrictions by providing education about the harmful effects they have on manatees. In addition, we recommend that CSWR and Rios Aguan and Chapagua be surveyed regularly either by boat or aerially to monitor for changes in relative abundance and distribution of manatees and to monitor human impact. Finally, we propose the consideration of the development of a national conservation program for manatees in Honduras with participates from local NGOs, government agencies, and academics so that conservation efforts can be centralized and coordinated and mortality cases can continue to be compiled to evaluate continued threats in Honduras.
